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ABSTRACT 



348/297 



A method is disclosed for obtaining a read-out signal of a 
MOS-based pixel structure having at least a photosensitive 
element with an output node and a memory element with a 
first switch therebetween. The method comprises the steps of 
while acquiring charge carriers on said output node of said 
photosensitive element, said charge carriers being converted 
from electromagnetic radiation on the photosensitive 
element, after a first time period c reating a first signal, and 
after a second time period, creating a second sig nal, said 
r ead-out Signal Ub liljJ a liumblUallllll o l at least said first a nd 
said second signals. — 7 



According to the present invention, there is no limitation to 
the amount of collected charges in none- of- the integrated 
periods. The signal collected during the first period is 
memorized by a switch which shortly opens and closes 
between the period. The switch is thus in the same state in 
both period of time. After a second period, there are thus two 
charge packets, each obtained during a different time. In 
order to read-out, these two charge packets are then com- 
bined into one reading. This combination is known either by 
adding or subtracting this charge packets, e.g., by adding or 
subtracting them in the circuitry external to the sensor. 

36 Claims, 4 Drawing Sheets 
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METHOD FOR OBTAINING A HIGH Image sensors with a double linear response or multiple 

DYNAMIC RANGE READ-OUT SIGNAL OF A linear response are known. Id such sensors, two or more 

CMOS-BASED PIXEL STRUCTURE AND linear pieces of optical response are combined in one 

SUCH CMOS-BASED PIXEL STRUCTURE electrical output signal, outside the pixel. Presently, the 

5 classical image sensors can be used to obtain such double 
FIELD OF THE INVENTION linear response image by capturing two images with differ- 
^ i * ent sensitivity and combining them. 
The present invention relates to sohd state imaging Documcnt Vs. Pat. No. 5,164,832 discloses a CCD- 
devices being manufactured m a CMOS- or MOS- a re ^ ^ has ^ scnsitivit 
technology. More particularly, the present invention is * CD ^ has a cli m ^ is m a 

* * a , melh ° d of oblainm e a Slgnal ° f a parallel configuration on the CCD. In order to obtain a 

CMOS-based pixel structure with a large dynamic range. P ^ ^ fc ^ a firs( 

The present invention is also related to a new pixel structure mtcgrati r periods. During the first integration 

and to imaging devices having such pixel structure involved ^ ? ^ ^ {q & q dq y ^ 

m the method of the present invention. ^ £ movcs ^ signals bcmg gcncrated by a high ^ imcQsity 

BACKGROUND OF THE INVENTION AND impinging on the CCD. During the second integration 

PROBLEM DEFINITION period, this limitation is removed. The high signals will only 

add to the result during the second period only, low signals 



^lid,state-imagmg-deviccs^are3^UIl^wn. -Tfa&se> w {\\ ac jd all the time, 
devices-find^^i^ In such/^ co u cc ted photocharge during the first period of the 

^appUc^ionra-matrix-of pixek-comprising light ^n^tivej/ mte g ra tion time is limited, during the second period, the 
elements constitutes an image, sehsor^which is_mouDted-in? limitation is removed. This limitation that can be removed is 
<the camera system/The signal of said matrix is measured obtained with a clipping gate that is set to one DC voltage 
and~multiplexed to a video-signal. during the first period, and to another during the second 

Commonly solid state image devices are implemented in 25 period. This said gate continuously removes charge that is in 
a CCD -technology or in a CMOS- or MOS- technology. excess. 

Among the image sensors implemented in a CMOS- or 
MOS-technology, CMOS or MOS image sensors with pas- AIMS OF THE INVENTION 

sive pixels and CMOS or MOS image sensors with active 

pixels are distinguished. An active pixel is configured with 30 The present invention aims to disclose an active or 
means integrated in the pixel to amplify the charge that is passive pixel structure such that with one single pixel, a 
collected on the light sensitive element. Passive pixels do double or multiple linear, voltage-to-light response can be 
not have said means and require a charge-sensitive amplifier obtained. 

that is not integrated in the pixel and is connected with a long Tfae preseQt invention aims t0 disclose a method of 

line towards the pixel. reading out an active or passive pixel structure such that a 

There is an ongoing effort to increase the performance of double or multiple linear voltage-to-light response can be 
CMOS or MOS image sensors such that a comparable image obtained in one single image scan, 
quality is obtained as the one obtained with high end CCD 

imagers. Due to the miniaturization of the technology of MpjK CHARACTERISTICS OF THE PRESENT 

CMOS based electronic circuits, it is further possible to 40 INVENTION 
realize complex CMOS- or MOS -based pixels as small as 

CCD-based pixels. It is a main advantage of CMOS- or j^c present invention is related to a method for obtaining 
MOS-based image sensors that CMOS technology is being a rea d- 0 ut signal of a MOS-based pixel structure having at 
offered by most foundries whereas CCD-technology is lcast a photosensitive element with an output node and a 
rarely offered and a more complex and expensive technol- 45 mcmory clement with a first switch therebetween. The 
ogy option. method comprises the steps of while acquiring charge car- 

In the co-pending patent applications EP-A-0773667 and Hers on said output node of said photosensitive element, said 
EP-97870084.7 pixel structures and methods of addressing charge carriers being converted from electromagnetic radia- 
them are described which yield, alone or in combination, the ^ tion on the photosensitive element, after a first time period 
above-mentioned goals. The contents of these patent appli- creating a first signal, and after a second time period, 
cations are incorporated herein by reference. creating a second signal, said read-out signal being a com- 

In general, it must be recognized that for an imaging bination of at least said first and said second signals, 
device, three specifications that are difficult to match are to According to the present invention, there is no limitation 
^ c mct: ss to the amount of collected charges in none of the integrated 

the sensitivity of the image device, especially in the dark, periods. The signal collected during the first period is 

the cosmetic quality of the image (this means that the memorized by a switch which shortly closes and opens 
image should be flawless), and between the period. During the second period, there is no 

the requirement of a response with a high dynamic range. electrical contact between the output node and the memory 

Image sensors having a nonlinear response such as a 60 element. The switch can thus be in the same state in both 
logarithmic response are known from, e.g., EP-A-0739039. period of time. After a second period, there are thus two 

However, most of the image sensors with passive or active charge packets, each obtained during a different time. In 
pixels show a linear voltage-to- fight response. This means order to read-out, these two charge packets are then com- 
that their dynamic range is limited by the dynamic range of bined into the read-out signal. This combination is done, 
the linear response. For instance, if the linear output voltage 65 e.g., by adding or subtracting this charge packets or by 
has an S/R ratio of about 250 (which is a typical value) the adding or subtracting them in the circuitry external to the 
corresponding dynamic range will be the same. sensor. 
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The method is more particularly performed by the fol- The memory element is preferably an analog memory 
lowing sequence: element such as a capacitor and the switches present in the 
after a first time period, said first switch is opened thereby pixel structure as well as the memory element are preferably 
storing a first number of said charge carriers on said MOS transistors. The capacitor can be in fact a parasitic 
memory element and creating a first signal; 5 capacitor being formed by the interconnect lines in the pixel, 
and after a second time period, a second number of said The present invention is also related to a CMOS image 
charge carriers is stored on said output node creating a device having a geometric configuration of pixel, at least 
second signal, said read-out signal being a combination part of the pixels having the structure described hereabove. 
of at least said first and said second signals. 
It should be understood that the terms "creating" and 10 BRIEF DESCRIPTION OF THE FIGURES 
"combining*' mean treating the diflferent signals in the elec- p[GS u ^ ^ ^ a schematk functional represen- 
tee circuity according to the basic knowledge of the pixel structure according to embodiments of the 
person skilled m the art. * * r 

The photosensitive element can be any element such as a present invention, 

photodiodejaphotogatejaphototransistororaphotoresistor. FIGS. 2a and 2b represent the architecture of a pixel 

The above-mentioned steps and/or concept can be 1 according to specific embodiments of the present invention, 

repeated for a number of time periods being larger than 2. p[Q 3 fl represents a typical response of the pixel of FIG. 

According to a preferred embodiment, the method further 2. 

comprises the steps: FIG. 3b represents the different possibilities for the slope 

after said second time period, creating a first intermediate ^ of me varying by the electronic shutter ratio. 

signal from said first signal, FIG. 4 represents a possible embodiment of the pixel 

thereafter opening and closing said first switch thereby stmcturc accord ing to the present invention, 

creating a second intermediate signal, and; „ r _ c . . . . 

, , . 1 j • J-, FIG. 5 represents a method of driving and reading the 

combining at least said first and said second intermediate . . 

signals in order to obtain said read-out signal. 25 

Preferably, essentially all the charge cjuwrs,bejng:con? DESCRIPTION OF PREFERRED 

verted from elec^magn^oaa^ation-uiipinging^n said EMBODIMENTS OF THE PRESENT 

photosensitiye^eleme'hT during said first time period are INVENTION 

creatine said first signal, except for the normal saturation or . * . , 

.antfbloo'ming of the pixel. 30 FIG - l«/ e P r6Scnts * to***"" 1 P Kel *J™*« according 

U More preferably, essentially all the charge carriers being "J •» embodiment the mventon w herein a memory 

converted from electromagnetic radiation impinging on said <= e ™*< ( 4 ) J 5 P^ed. In this HG^Baptotosoativc 
photosensitive element during said second time period are ^S^S^^^^^^^^^^^^-^ 
creating said second signal. ^^^^y^^^^^^^\^^S> 

According to a first preferred embodiment, the read-out 35 ^.^P*™^^ 

signal is an average or a weighed average of at least said first f^famiS^mJ^B^^^^^^a^ 

and said second signals. nerctag^y^vetc^^ 

According to another preferred embodiment, the read-out A. FIG lfc depicts alternative embodiments with reference 

signal is a subtraction of said second signal and said first » b Preference) tracking reference 

. , numerals of FIG. la referencing corresponding elements. 

51 According to a preferred embodiment, a correlated 40 ™* discussion of FIG. la applies to FIG. lb. 

doublensampling is performed using an extra-step of closing According to one preferred embodiment, such amplifier A 

a second switch which is placed in series with the photo- is placed within the pixel structure in order to have an active 

sensitive element in order to have a reset of said photosen- P«el. According to another preferred embodiment, the 

sitive element and thereby creating a third signal, said 45 amplifier A can be placed outside of the pixel structure in 

read-out signal being a combination of first, second and third order to have a passive pixel structure, 

signals. This pixel structure is able to perform the met hod-qf:the 

Preferably, in this case the read-out signal is a combina- invention foj^^^aining;a:real3K)ut-signal"as~described and 

tion of the subtraction of third and first signals and subtrac- mereforejris-~able to realize a double or multiple linear 

tion of third and second signals. 50 light-to-voltage response in one single pixel. 

According to another preferred embodiment, the read-out ^IGT2fljcepresents a specific embodiment of the sche- 

signal can be a combination of the subtraction of second and matic structure as represented in FIG. 1. The pixel therein is 

first signals and subtraction of third and second signals. a 4T (transistor) integrating active pixelj t has the fea ture of 

According to another preferred embodiment of the present being able to^sampje^mrough^ 

invention, the read-out signal can be a combination of the 5S ^nterme<yaje^^th^mtegr^ 

subtraction of second and first signals and subtraction of Afterwards, both signals (the intermediate value and the 

third and first signals. final integrated value) can be com bined in one re ad-out 

The present invention is also related to a MOS or CMOS signal with high dynajnic.^lii~the-simplest-apprb^h,-tlnsT> 

based pixel structure comprising at least: co^bjnation^con^ts:of:adding bpth"^values>FIG. 2b depicts 

a photosensitive element for converting electromagnetic m alternative embodiments with like reference numerals (with 

radiation into charge carriers and being connected to a a "b" subreference) referencing corresponding elements, 

reset switch and to a supply voltage; The discussion of FIG. 2a applies to FIG. 2b. 

a memory element being connected to an amplifier, and The effective response of such a structure is represented 

a first switch in-between said photosensitive element and in FIG. 3a for an active pixel with a double linear slope 

said memory element, said first switch being opened 65 having a first (32) and a second (31) part. According to the 

causing a first number of said charge carriers being present invention and as represented in FIG. 3fc, the slope of 

stored on said memory element. the first part (32) can be varied by the electronic shutter ratio 
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according to the number of rows in the image. For instance, 
between a factor of 1 to 250. 

The double slope compresses the high intengty.part of-an 
image, but preserves tbeJo^w-intej^ty-paiClt has a compa- 
rable property as the gapama correction or as the logarithmic 
compression^yeWrcan be tuned within a wide range to 
^a^^mmodate^ various light intensity conditions. 

A cross-section of a possible implementation in a CMOS 
technology of a pixel structure as represented in FIG. 1 or 2 
is shown irTTIGrVwherem the memory element is also 
realized as a MOS structure (44) (although it is not necessary 
to do so); the amplification and multiplexing beyond are not 
shown. The metal light shield (49) is not necessary, as the 
operation of the pixel structure tolerates some charge col- 
Lection. Further shown in FIG. 4 is a silicon substrate 
wherein a photosensitive element (43) as a (n""*)n/p- junc- 
tion; a first switch (41) and a second switch (42) as metal or 
polysilicon layers separated from the silicon substrate (in 
fact from the p* surface layer) by a dielectric layer. 

The analog memory element is represented by the capaci- 
tor component (44) which has a part or parts which are 
junctions, or which has connections to other circuit elements 
(in casu transistors) which have junctions. Junctions are 
light sensitive, and this light sensitivity will cause a current 
flow which will affect the charge stored on the capacitor 
(44). Such memory element or capacitor (44) can be used for 
various purposes: spatial and temporal filtering, the memo- 
rization of image, etc. 

The above circuit should, in order to operate in the best 
mode, have a stable signal on capacitor (44). Hereto, the 
capacitor and also the interconnections to it should be 
shielded from the light, which is straightforward by using a 
metallization- However, the capacitor and/or interconnection 
elements to it may also collect charge that is present in the 
chip's substrate due to light falling on it. Especially, photo 
charge that is being created deep in the substrate can diffuse 
easily onto capacitor (44) or its interconnections, and (dis-) 
charge them. 

If the photo diode (43) or another diode, not part of the 
capacitor (44) is made according to the embodiment of FIG. 
4, the wandering charge in the substrate of the chip will 
likely be collected there, and will thus not affect the charge 
on the capacitor (44). 

The present invention is also related to preferred methods 
of reading the signal of a CMOS based pixel structure in 
order to obtain a double or multiple linear slope for a 
dynamic response. According to the first preferred 
embodiment, as represented in FIG. 5, several pulses can be 
applied to the reset (22) and to the switch (21) of the pixel 
structure of FIG. 2. 

On FIG. 5, the reset is represented on the first line, the 
sample on the second and the potential level seen on the 
photodiode output node and on the node C on the third line. 

Two integration periods are shown on FIG. 5. A certain 
time after the reset pulse, the switch (21) is opened for a 
short while, thus freezing this potential on the node 
(capacitor) C At the end of the first integration period, the 
switch (21) is shortly opened, and the recent potential on the 
photodiode output node is sampled. 

In the present embodiment, a weighted average of the 
recent potential on the photodiode output node and of the 
potential that was frozen on the capacitor C is sampled 
(signal "b"). After reset (closing of switch 22), the reset level 
of the pixel is sampled again (signal "c") which might be 
useful for offset correction, correlated double sampling etc. 
This signal sample ("b") is sufficient to obtain a double 
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linear response, as this sample is in itself the average of the 
potential on capacitor C and on the photodiode, which are 
the electrical responses with low and high sensitivity them- 
selves. Difference (b-c) is a correlated double sampled 
5 version of this signal thus removing eventual offset nonuni- 
formity. 

In a more general teaching and without reference to the 
pixel structure of FIG. 2, in FIG. 5, the method of the 
invention is schematically shown. 

10 On FIG. 5, the reset is represented on the first line, the 
sample on the second and the potential level seen on the 
photodiode output node and on the node C on the third line. 
A certain time after the reset pulse, the sample is opened for 
a short while, thus freezing this potential on capacitor C. 

15 At the end of the integration period, the memorized value 
on the capacitor C is sampled ("a"), then the sample switch 
is shortly opened, and the recent potential on the photodiode 
output node is sampled ("b")- After reset, the reset value of 

^ the pixel is sampled, which might be useful for offset 
correction, correlated double sampling etc. 

Values a and b, or in a correlated double sampling 
configuration, (c-a) and (c-b) are the responses with low and 
high responsivity respectively. Both values can be combined 

25 externally to the pixel, inside or outside the image sensor. 
The simple way of combination is a linear combination, 
yielding effective response curves as shown in FIG. 3. 

Values a and b, or in a correlated double sampling 
configuration (c-a) and (c-b) are the responses with low and 

30 high responsivity respectively. Both values can be combined 
externally to the pixel, inside or outside to the image sensor. 
A simple way of combination is a liaear or even non linear 
combination, yielding an effective response curve as shown 
in FIG. 3a. 

35 In an embodiment of the present invention, a pixel struc- 
ture is made in a 0.7 CMOS technology and fabricated 
at M1TEC. The pixel of the invention shows a dynamic 
range of about 1:20000 to 1:60000 whereas a reference pixel 
without the characteristics of the invention and fabricated in 

40 the same technology shows a dynamic range of about 1:2000 
to 1:3000. 
What is claimed is: 

1. A method for obtaining a re ad -out signal of a MOS- 
based pixel structure having in a MOS technology at least a 

45 photosensitive element with an output node and a memory 
element with a first switch therebetween, the method com- 
prising the steps of while acquiring charge carriers on said 
output node of said photosensitive element, said charge 
carriers being converted from radiation impinging on the 
50 photosensitive element: 

after a first time period opening said first switch thereby 
storing a first number of charge carriers on said 
memory element and creating a first signal; 
55 after a second time period, creating a second signal from 
a second number of said charge carriers being stored on 
said output node of said photosensitive element, and 
combining at least said first and said second signals in 
order to obtain said read-out signal. 

2. The method as recited in claim 1, wherein said steps are 
repeated for a number of time periods being larger than 2. 

3. The method as recited in claim 1, further comprising 
the steps of: 

after said second time period, creating a first intermediate 
65 signal from said first signal, 

thereafter opening and closing said first switch thereby 
creating a second intermediate signal; and 
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combining at least said first and said second intermediate 16. A MOS-based pixel structure according to claim 13, 

signals in order to obtain said read-out signal. wherein said amplifier is placed within the pixel structure in 

4. The method of claim 1, wherein all the voltages applied order to have an active pixel. 

on said pixel structure are the same during the first and 17. A MOS-based pixel structure according to claim 14, 

second tine periods 5 wnerein said amplifier is placed within the pixel structure in 

5. The method as recited in claim 3, wherein the read-out to have an active pix el 

i ■ • i « f t i . -j f j • i 18. A MOS-based pixel structure according to claim 12, 

signal *s a weighed average of at least said first and said whcrciDsaid ^ p l accd outside of the pixel structure 

second mtermediate signals. in order to have a passive pixel structure. 

6. Iht method as recited in claim 3, wherein the read™ 19 A M0S _ bas / d pixel F stmcmc according t0 claim 13, 
signal is a lmear combination of said second and said first 10 ^ amplifier & p i ace d outside of the pixel structure 
intermediate signals. m orQ ^ r to nave a passive pixel structure. 

7. The method as recited in claim 3, wherein a correlated 2 0. A MOS-based pixel structure according to claim 14, 
double-sampling is performed using an extra-step of closing wherein said amplifier is placed outside of the pixel structure 
a reset switch which is placed in series with the photosen- m orc } er ^ nave a passive pixel structure. 

sitive element in order to have a reset of said photosensitive 15 21. A M OS image sensor having a geometric configura- 

element and thereby creating a third signal, said read-out u 0 n of pixels consisting in a structure according to claim 13. 

signal being a combination of said first, second and third 22. A MOS image sensor having a geometric configura- 

signals. tion of pixels consisting in a structure according to claim 14. 

8. The method as recited in claim 7, wherein the read-out 23. A MOS image sensor having a geometric configura- 
signal is a combination of the subtraction of third and first 20 tion of pixels consisting in a structure according to claim 15. 
signals and of the subtraction of third and second signals. 24. A MOS image sensor having a geometric configura- 

9. The method as recited in claim 7, wherein the read-out tion of pixels consisting in a structure according to claim 16. 
signal is a combination of the subtraction of second and first 25. A MOS image sensor having a geometric configura- 
signals and of the subtraction of third and second signals. tion of pixels consisting in a structure according to claim 17. 

10. The method as recited in claim 7, wherein the read-out 25 . 26. AMOS image sensor having a geometric configura- 
signal is a combination of the subtraction of second and first tion of pixek consisting in a structuie according to claim 18. 

y , , , t t . ... , j c , • i 27. A MOS image sensor having a geometric configura- 

signals and of the subtraction of third and first signals. Qf ^ . q a ^ tQ c]aim 19 

U. Use of the method recited in claim 1 in a camera 2 8. AMOS imageTensor having a geometric configura- 

system. tion of pixels consisting in a structure according to claim 20. 

12. A MOS-based pixel structure, comprising at least: 30 29 Use of thc MQS imagc ^ rcc{lcd in daim 2 \ 

a photosensitive element for converting radiation into m a camera system. 

charge carriers, and being connected to a voltage with 30. Use of the MOS image sensor as recited in claim 22 

a reset switch; in a camera system, 

a memory element being connected to an amplifier; and . 31. Use of the MOS image sensor as recited in claim 23 

a first switch in-between said photosensitive element and 35 m ^Ust™ f tte MOS image sensor as recited in claim 24 

said memory element, said first switch being opened m a camcra system 

causing a first number of said charge carriers being 33 Use of the MQS ^ recited in claim 2 s 

stored on said memory element. m a camera system. 

13. A MOS-based pixel structure according to claim 12, ^ 34 use 0 f the MOS image sensor as recited in claim 26 
wherein the memory element is an analog memory such as m a camera system. 

a capacitor or a parasitic capacitor, 35, Use of the MOS image sensor as recited in claim 27 

14. A MOS-based pixel structure according to claim 12, m a camera system. 

wherein both switches are CMOS transistors. 36. Use of the MOS image sensor as recited in claim 28 

15. A MOS-based pixel structure according to claim 12, 45 in a camera system, 
wherein said amplifier is placed within the pixel structure in 

order to have an active pixel. * * * * * 
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